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We use density functional computations to study the size effects on the structural, electronic,
magnetic, and optical properties of (5,0) finite carbon nanotubes (FCNT), with length in the range
of 4-44 A˚. It is found that the structural and electronic properties of (5,0) FCNTs, in the ground
state, converge at a length of about 30 A˚, while the excited state properties exhibit long-range edge
effects. We discuss that curvature effects govern the electronic structure of short (5,0) FCNTs and
enhance energy gap of these systems, in contrast to the known trend in the periodic limit. It is
seen that compensation of curvature effects in two special small sizes, may give rise to spontaneous
magnetization. The obtained cohesive energies provide some insights into the effects of environment
on the growth of FCNTs. The second-order difference of the total energies reveals an important
magic size of about 15 A˚. The optical and dynamical magnetic responses of the FCNTs to polarized
electromagnetic pulses are studied by time dependent density functional theory. The obtained results
show that the static and dynamic magnetic properties mainly come from the edge carbon atoms.
The optical absorption properties are described in term of local field effects and characterized by
Casida linear response calculations.
I. INTRODUCTION
Recently, finite-length carbon nanotubes (FCNTs) are
of vast interest due to their potential applications in
enhanced light emitting,1 spintronics designing,2,3 spin-
orbit interaction based optoelectronic,4 and heterojunc-
tion nanoelectronic devices.5,6 It has been found that
the electronic properties of sub-nanometer length FC-
NTs differ substantially from those of periodic CNTs, be-
cause of the alternation of electronic structure from one-
dimensional to the zero-dimensional characteristic.7–9
This fact implies that energy states of FCNTs are strictly
affected by the length10–12 and the edge structure of the
tube.13–15 For example, while periodic armchair CNTs
represent a metallic character, finite armchair CNTs ex-
hibit an energy gap which decreases periodically toward
zero by increasing the length. In the case of zigzag CNTs
the situation is different. On one hand, periodic zigzag
CNTs can be either metal or semiconductor, depending
on their chiral angle. On the other hand, electronic struc-
ture of finite zigzag CNTs are dominated by some local-
ized edge states, which are evidenced by scanning tun-
neling spectroscopy of graphite16 and may induce spin-
polarization in the system.15,17
Thermodynamic considerations suggest that (5,0)
CNT is the narrowest feasible zigzag carbon nanotube.18
Because of its high curvature, the electronic properties of
this nanotube is more complicated than the larger zigzag
nanotubes.8 The well-known σ∗–pi∗ rehybridization, as
a consequence of this high curvature, forces the zone-
folded semiconducting band gap of periodic (5,0) CNT
to close.19,20 While periodic structure of this tube is ex-
tensively studied,20–24 there is no systematic study about
finite size effects on the physical properties of this system.
Moreover, first-principles studies on FCNTs are mainly
limited to the ground state properties and understanding
finite size effects on the excited states properties of these
systems demands further theoretical investigations.
The dependence of electronic and optical properties of
FCNTs on their geometric features is promising to de-
sign flexible and sensitive optoelectronic and spintron-
ics devices. The specific aim of this study is to inves-
tigate length-dependent structural, electronic, magnetic
and optical properties of (5,0) FCNTs by using static and
time dependent first-principles calculations.
II. METHODS
The ground state calculations were performed within
the Kohn-Sham density functional theory (DFT) at
the scalar relativistic limit, by using the local density
(LDA)25 and local spin density approximations (LSDA)
implemented in the full-potential FHI-aims code.26 The
studied finite nanotubes were terminated by sufficient
number of hydrogen atoms to saturate their edge dan-
gling bonds. Full structural relaxations were applied
to the systems down to the residual atomic forces of
less than 10−3 eV/A˚. The carbon and hydrogen atoms
were treated tightly in the calculations. The length of
the tubes throughout this paper is described in unit of
a 0.2 nm thick structural section along the tube axis
(Fig. 1a). The FCNTs are tagged by Si, where i denotes
the number of sections of the system.
The optical absorption spectra were evaluated in the
framework of time dependent DFT (TDDFT) and pseu-
dopotential technique, implemented in computer package
Octopus.27 The TDDFT approach has already been used
for successful interpretation of the excited states proper-
ties of a (7,6) FCNT.28 We used norm-conserving pseu-
dopotentials in the form of Troullier-Martins and time-
dependent LDA (TD-LDA) kernel.29 It is already dis-
2cussed that TD-LDA is able to provide reliable results for
finite systems.30 In Octopus, the ground state density is
evaluated over a discrete grid in real space. The radius of
overlapping spheres around each atom and the grid spac-
ing were optimized to 3.5 and 0.16 A˚, respectively. Elec-
tric dipole response (optical absorption) of the systems
are calculated by explicit real time-propagation of the
Kohn-Sham wave functions,31 in the presence of a weak
white uniform electric pulse. To achieve a fine spectrum,
nearly 13000 time-steps are taken for a total propagation
time of 20 h¯/eV. The frequency response is extracted via
the Fourier transform of the time-dependent dipole mo-
ment. The Casida linear response approach was applied
for characterization of the predicted optical transitions.32
In order to evaluate the spin-dipole response of the FC-
NTs, opposite magnetic pulses were applied to the ma-
jority and minority spin channels.33
III. STRUCTURAL PROPERTIES
In this work we investigated the electronic structure
and optical properties of finite length (5,0) carbon nan-
otubes composed of up to 22 sections. The atomic struc-
ture of S6, as a prototype, is depicted in Fig. 1a. The
longitudinal and transverse bonds are denoted by L and
T, respectively, and the bond angles are described by α
and β. After full structural relaxation, these parameters
are averaged over the central unit cell of the system and
then plotted in Fig. 1b. It is expected that by increas-
ing the tube length, the edge effects vanish and central
unit cell acts as an infinite length periodic CNT. Ac-
cording to the figure, the L and T bond lengths, after
almost 16 sections, converge to the values of about 1.40
and 1.44 A˚, respectively, close to those reported for pe-
riodic (5,0) CNT.20,23 For qualitative understanding of
the hybridization in the systems, we compare these bond
lengths with those of the ideal graphene (1.42 A˚) and di-
amond (1.54 A˚).34
The converged value of the longitudinal bond (1.40 A˚)
is smaller than the carbon-carbon bond in ideal graphene,
while the converged value of the transverse bond (1.44 A˚)
has slightly increased toward the interatomic bond length
in diamond. Hence, it seems that L bond has mainly a
graphene like sp2 hybridization, while T bond may in-
volve a degree of sp3 contribution.
The trends of α and β bond angles also confirm the
presence of a remarkable sp3 hybridization in the sys-
tem. It is seen that α converges to a value of 111.2◦
(Fig. 1b), consistent with the sp3 bond angle (109.5◦),
while β tends to a value of about 119.8◦, which is close to
the ideal sp2 bond angle (120◦).34 It should be noted that
the converged values of the bond angles coincide with
the corresponding values in periodic (5,0) CNT.20,23 The
appearance of sp3 hybridization in the systems comes
from the significant curvature of the walls in such ul-
trathin CNTs.35 In order to provide more insights into
the curvature effects in (5,0) FCNTs, the highest occu-
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FIG. 1. (a): Schematic diagram of a finite length (5,0) car-
bon nanotube with 6 sections (S6). The dashed rectangle en-
closes a tube section. The longitudinal and transverse bonds
are indicated by L and T, while α and β shows two inves-
tigated bond angles. (b): Variation of the L and T bond
lengths (A˚) and α and β bond angles (degree) versus the
FCNT’s length. The corresponding values for periodic nan-
otube (infinite-length) are indicated with dashed lines. Dif-
ference (∆bond) between the averaged L and T bond lengths
over the entire of the tubes.
pied molecular orbital (HOMO), bond lengths, and bond
angles of this system is compared with (7,0) and (9,0)
finite tubes with the same length (table I). The diame-
ter of (5,0), (7,0), and (9,0) CNTs are about 3.91, 5.48,
and 7.05 A˚, respectively. In the (9,0) tube, which has the
largest diameter, the HOMO is seen to be localized on
the edge atoms, while the wall curvature of smaller tubes
pushes this orbital toward the central part of the sys-
tem. Moreover, the bond lengths and bond angles of this
3TABLE I. Comparing the highest occupied molecular orbital
(HOMO) and structural parameters of three finite zigzag
CNTs with the same lengths and different diameters. L, T, α,
and β have the same meaning as in Fig. 1 and L0 and α0 are
equilibrium bond length and bond angle in ideal graphene.34
FCNT HOMO L/L0 T/L0 α/α0 β/α0
(5,0) 0.980 1.013 0.930 0.998
(7,0) 0.993 1.000 0.962 1.000
(9,0) 0.997 1.000 0.976 1.000
system are close to the corresponding parameters in the
ideal graphene (table I), revealing the dominance of sp2
hybridization in this system. In the smaller finite tubes,
the curvature effects increase deviation of the bond pa-
rameters from the ideal graphene toward diamond, and
thus enhance sp3 hybridization in the systems.
In order to see the effects of passivation on structural
properties of finite (5,0) CNTs, we tried to re-calculate
some of the FCNTs in their pristine structure with no ad-
sorbed hydrogen atoms. The presence of dangling bonds
induces many difficulties in the self-consistent calcula-
tion of these unpassivated systems. After considerable
efforts, we could only converge the self consistent elec-
tronic structure of S2, S3, and S4. It was found that, in
contrast to the passivated CNTs, L bond becomes longer
than T bond in these pristine FCNTs. It means that the
unpassivated FCNTs have slightly longer length and nar-
rower diameter, compared with the passivated ones. This
slight elongation may be attributed to the non-bonded
electrons of the pristine FCNTs that induce an effective
repulsive force between the two ends of the system.
We observe that the size dependency of the struc-
tural parameters, presented in Fig. 1b, becomes negli-
gibly small for tubes longer than S16. Therefore, one
may omit the costly process of structural relaxation of
longer (5,0) finite length carbon nanotubes by construct-
ing their structure from the relaxed atomic configuration
of S16. In order to verify this statement, we constructed
the S18 tube from the structural parameters of S16 and
then calculated its total energy and energy gap without
and with a further structural relaxation. The same cal-
culations were performed for S20 and S22 tubes and the
results were listed in table II. It is clearly seen that the
finite tubes longer than S16, constructed from the atomic
configuration of smaller tubes, in practice need not any
further structural relaxation for investigating their struc-
tural and electronic properties.
The cohesive energy of the systems as a function of
the tube length is shown in Fig. 2. It is expected that by
TABLE II. Effect of a further structural relaxation on the
total energy (∆Etot) and energy gap (∆gap) of a longer finite
CNT constructed from the relaxed structure of the shorter
tube.
S14 S16 S18 S20 S22
∆Etot(Ry) 0.360 0.090 0.009 0.002 0.003
∆gap (Ry) 0.228 0.004 0.023 0.004 0.005
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FIG. 2. Calculated cohesive energy (per carbon atom) and
second energy difference (∆2E) of the (5,0) FCNTs. The
dashed line shows the cohesive energy of the periodic tube.
increasing the tube length, the cohesive energy converges
to the periodic limit (8.50 eV/atom). The absolute co-
hesive energy decreases as the length increases, indicat-
ing more stability of shorter tubes. It is attributed to
the higher strength of C-H bond, compared with C-C
bond. The shorter FCNTs have higher fractional num-
ber of C-H bonds and hence are more stable. Calcu-
lated harmonic vibrational frequencies of S2 and S3 pro-
vide further evidence for this statement; there is a very
strong peak at about 3000 cm−1 which is related to the
C-H bond. Barone et al. observed similar behavior in
graphene nanoribbons.36 They discussed that the stabil-
ity of the passivated nanoribbons is proportional to the
molar fraction of hydrogen atom and therefore inversely
proportional to the width of the system. In our case, the
cohesive energy of FCNTs is inversely proportional to the
tube length.
On the other hand, Rochefort et al. observed a reverse
behavior,37 their absolute cohesive energy of CNTs per
atom increases as the length increases. This difference
may be ascribed to the different energy reference used
for calculation of cohesive energy in this work. Follow-
ing some benchmark calculations, we realized that using
a reference energy which includes C-H bond, like ben-
zene or methane, give rises to a cohesive energy which
decreases (become more negative) by increasing length.
These statements may be helpful to identify the required
experimental setup for synthesis of short or long FCNTs.
It seems that in a high vacuum environment, long FCNTs
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FIG. 3. Top: Isosurfaces of the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital
(LUMO) of (5,0) FCNTs with different length. Bottom: Calculated energy gap of the finite tubes as a function of the tube
length. Inset: the electronic band structure of a graphene nanoribbon with a width of four sections.
are more feasible while production of short FCNTs may
be more practical in the presence of a proper hydrogen
gas flux.
In the study of atomic clusters, a conventional param-
eter for addressing relative stabilities is the second-order
difference of total energy (∆2E), defined as:
∆2E(i) = Etot(i+ 1) + Etot(i− 1)− 2Etot(i) (1)
where Etot(i) denotes to the relaxed total energy of the
cluster of size i. The positive values of this parameter
determine the so called magic sizes of the system which
exhibit higher stability with respect to the adjacent sizes.
The second-order energy difference of the given FCNTs
(Fig. 2) indicates that S7 and S8 are energetically the
most favorable sizes, while S3, S5, S6, and S13 show the
least relative stabilities. This plot is expected to be com-
parable with the envisaged mass spectra measurements
on (5,0) FCNTs.
IV. ELECTRONIC PROPERTIES
The calculated energy gap of the finite CNTs, in the
non-magnetic state, as a function of their length is rep-
resented in Fig. 3. In order to understand this behavior,
one has to take into account the zone-folding and the
curvature effects. The zone-folding approach is a popular
method to estimate the electronic structure of a nanotube
from its graphene counterpart. This approach predicts a
semiconducting gap for infinite (3n±1,0) zigzag CNTs,38
which in all cases larger than (5,0) CNT, agrees with the
accurate DFT based calculations. The metallic behav-
ior of the (5,0) CNT is attributed to the high curvature
of this narrow tube, which is not taken into account in
the zone-folding approach.35,39 The high curvature of this
system enhances the interatomic interactions and thus in-
creases the dispersion of valence and conduction bands.
Consequently, these bands overlap and form a metallic
system. We will discuss that the curvature effects may
have quite different impacts in the zone-folded electronic
structure of the finite CNTs, which is derived from the
electronic structure of graphene nano-ribbons (GNRs).
The electronic band structure of the GNR correspond-
ing to S4, is calculated and presented in the inset of
Fig. 3. It is seen that the valence and conduction bands
are degenerate and flat near edge of the Brillouin zone
(BZ). The width of the degenerate region increases by
increasing the width of the GNR. Folding the GNR
will discretize the allowed k-points of a (n,0) FCNT as:
kN =
2pi
a
N
n
(N = 0,±1,±2, · · ·) where a is the GNR lat-
tice parameter.17 For a (5,0) tube, five k-points satisfy
the boundary condition, in which the last one falls on
5the degenerate region and leaves a zero energy gap in the
folded electronic structure of the systems. However, the
obtained results (Fig. 3) indicate that all FCNTs, except
S3 and S4, exhibit a non-trivial energy gap. The reason is
that the high curvature of these finite systems enhances
the interatomic interactions and consequently increases
dispersion of the discrete energy levels to open a gap be-
tween the highest occupied (HOMO) and the lowest un-
occupied (LUMO) levels. In other words, the curvature
effects act oppositely in the finite and periodic CNTs;
increasing band dispersion in a periodic CNT may give
rise to overlapping of the valence and conduction bands,
whereas increasing dispersion of discrete energy levels of
a finite CNT may enhance the HOMO-LUMO splitting.
We use the difference between the average L and T
bond lengths (∆bond), as a proper measure of the cur-
vature of an FCNT. It is rationalized by the fact that
this difference decreases toward zero by increasing the
CNT diameter (table I). The results, presented in Fig. 1,
indicate that in the smallest FCNT (S2), L bond is on
average longer than T bond. By increasing the FCNT
length, the L bond length falls quickly while the T bond
length rises sharply. It is clearly observed that within
S3 and S4 the longitudinal and transverse bond lengths
are getting very close together. As a result, these sys-
tems involve the lowest curvature effects and hence their
zero energy gap in the non-magnetic state agrees with the
zone-folding prediction. On the other hand, S2 exhibits
the highest curvature effect and consequently a signifi-
cant energy gap appears in this system. We observe that
from S4 to about S9, ∆bond and consequently curvature
are growing. This trend may explain the increment of en-
ergy gap between S4 and S9 (Fig. 3). For FCNTs longer
than S9, ∆bond is almost converged to the periodic CNT
value and hence the curvature is saturated in this region.
Therefore, the asymptotic decrease of the energy gap in
this region should be explained by a different effect.
In larger FCNTs with lower curvature effect, similar
asymptotic behavior, observed in a broad length range,
is attributed to quantum confinement effects.8 In the sim-
ple picture of particle in a one-dimensional box, the dis-
tance between quantum energy levels decreases asymp-
totically with respect to the box length. We observe that
in the short (5,0) FCNTs, significant variation of cur-
vature destroys the asymptotic behavior of the energy
gap, while after stabilization of the curvature around S9,
the asymptotic decrease of the quantum confinement ap-
pears (Fig. 3). However, the results show the decrease
of energy gap stops around S15 and converges to a value
of about 0.2 eV afterwards, whereas, the periodic (5,0)
CNT has a metallic character within DFT. Therefore,
long-range edge effects are expected in the electronic and
optical spectra of (5,0) finite length CNTs. For better
understanding of this behavior, the HOMO and LUMO
isosurfaces of some investigated FCNTs are presented in
the top of Fig. 3. It is apparent that the size dependency
of HOMO is limited to the tubes shorter than S10, while
for longer tubes this orbital exhibits a uniform distri-
TABLE III. Calculated magnetic energy (∆E), spin moment
(µ), and spin density isosurfaces of some (5,0) FCNTs in the
ferromagnetic state. The numbers in the parentheses show
magnetic energy of the systems in the antiferromagnetic state.
FCNT ∆E (meV) µ (µB) spin density
S3 -130 (0) 2.00
S4 -127 (-6) 2.00
S5 0 (2) 2.00
bution over the central sections of the FCNT. In con-
trast, LUMO exhibits persistent size dependent fluctua-
tions even up to the size of S22 (44 A˚). This observation
provides more evidence for the resistant edge effects in
the excited state properties of (5,0) FCNTs.
As it was mentioned earlier, the curvature of S3 and S4
is compensated and hence the zero energy gap of these
systems is mainly derived from the zone-folding of the
GNR sp2 band structure. In other investigated FCNTs,
the curvature effects play a significant role and induce a
non-trivial sp3 hybridization in the systems. In the case
of sp2 hybridization, the system has equivalent L and T
bonds, just as graphene, while contribution of sp3 hy-
bridization in the systems with high curvature increases
the length of the transverse T bond, compared with the
longitudinal L bond, and opens a gap in the systems.
This statement is justified by the behavior of ∆bond in
Fig. 1.
The zero energy gap of S3 and S4 zigzag FCNTs shows
the potential of spontaneous spin polarization in the sys-
tem. From a general point of view, the zigzag graphitic
materials are predicted to possess a ferromagnetic (FM)
or antiferromagnetic (AF) spin-polarized ground state.40
Therefore, we studied the FM and AF states of the con-
sidered FCNTs within spin-polarized calculations. It was
found that S3, S4, and S5 have FM and AF states (ta-
ble III), while all other FCNTs exhibit no spontaneous
spin polarization. The calculated spin densities reveal
that the magnetic moment of S3, S4, and S5 is concen-
trated on the edge carbon atoms. The total spin moment
of the spin-polarized systems is found to be 2µB, because
there are two allowed k-points (±4pi/5a) in the degener-
ate region of the corresponding GNR band structure.
The magnetic energy of S3, S4, and S5 is also pre-
sented in table III. This parameter measures the differ-
ence between the minimized energy of system in the non-
magnetic (NM) and corresponding magnetic states. We
observe that S3 and S4 prefer a FM state which is signif-
icantly more stable than the NM and AF states. In the
case of S5, the FM, AF, and NM state have very close
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FIG. 4. Absorption cross section of the investigated FCNTs.
The tube lengths are indicated in the right axis. The symbol
∞ stands for an infinite (periodic) (5,0) CNT. The evolution
of the two first absorption peaks of the FCNTs are highlighted
by the dotted and dashed lines.
minimized energies while the FM state is marginally more
stable. We found that FM spin polarization has signifi-
cant effect on the electronic structure of S3, S4, and S5.
As it was expected, spin polarization removes the degen-
eracy of the HOMO and LUMO levels in S3 and S4 and
opens a gap in these systems. The enhanced energy gap
of these systems in the FM state is presented in Fig. 3.
It should be noted that the minimized total energy of S3,
S4, and S5, presented in Fig. 2 are determined in the FM
state.
FIG. 5. Bond pattern of S10; red bonds are shorter than
1.40 A˚, yellow bonds are between 1.40 and 1.44 A˚, and blue
bonds are longer than 1.44 A˚.
V. OPTICAL SPECTRA
As it was mentioned, we used time dependent DFT to
calculate absorption spectra of the desired finite CNTs in
the presence of a polarized external electromagnetic field.
The calculated absorption cross sections, for parallel and
perpendicular polarization, are presented in Fig. 4. In
the parallel polarization, the shorter tubes exhibit more
sparse spectrum, originating from their discrete energy
levels, while growing the tube length, increases the num-
ber of peaks and accumulates them together. It is due
to the fact that by growing the tube length, the discrete
energy states are getting more dense and gradually trans-
forming to one dimensional bands. We observe that de-
creasing the tube length quenches the absorption intensi-
ties. This quenching is attributed to the local field effects
(LFEs) or depolarization field emerged from microscopic
electric dipoles induced by the external field. Fortu-
nately, LFEs are well treated in the TDDFT formalism.22
It is argued that the strength of LFEs decreases rapidly
by increasing the relevant dimension of the system.21 As a
result, it is seen that growing the tube length significantly
amplifies the absorption spectra in the parallel polariza-
tion, while fixed lateral dimension of FCNTs reduces the
size sensitivity of the perpendicular absorption spectra.
This lateral confinement give rises to strong perpendic-
ular LFEs and hence quenches the absorption peaks in
this polarization.
For better understanding of the absorption spectra in
the parallel polarization, the behavior of the first two ab-
sorption peaks are highlighted by using two dashed lines
in Fig. 4. The first dashed line (blue), which likely mim-
ics trend of the optical gap of FCNTs, exhibits an obvious
red shift, more pronounced in the shorter tubes. In other
words, the optical gap of these systems is rapidly decreas-
ing from S2 to S7 and then converging to the obtained
optical band gap of periodic (5,0) tube (∼1.2 eV). In con-
trast to our results, Montero et al. 11 observed a blue shift
in the optical absorption of (5,0) FCNTs, computed using
post Hartree-Fock method. Accurate inspection of their
published paper shows that they have likely constructed
their finite tubes by repeating the relaxed units of the
periodic tube and no further structural relaxation has
been applied to the finite systems. Our calculations in-
dicate significant relaxation effects on edge atoms which
affects the optical spectra of finite systems, specially for
shorter tubes. The bond pattern of S10, as a prototype,
is presented in Fig. 5.
7TABLE IV. Character of the first allowed optical transition
of S3, S5, S7, and S10 in the parallel and perpendicular po-
larizations. The capital letters L and H stand for LUMO and
HOMO.
FCNT parallel perpendicular
S3 H−2 → L+4 H−15 → L+5
S5 H−1 → L+1 H−6 → L+25
H → L+4
S7 H → L+6 H−9 → L+20
H−10 → L+19
S10 H−2 → L+5 H−39 → L+14
H−40 → L+13
H−42 → L+16
H−43 → L+15
Compared with the electronic gap, presented in Fig. 3,
optical gaps are significantly larger and display different
trend. It may evidence absence of any HOMO-LUMO
optical transition in the (5,0) FCNTs. In order to ver-
ify this statement, we used the linear response Casida
approach to characterize the first allowed optical tran-
sitions of four FCNTs. The results, given in table IV,
confirm absence of the HOMO-LUMO transition in the
systems. In the case of S3 and S10, we observe that the
first optical transition in the parallel polarization occurs
from the second level below HOMO to the fourth and
fifth levels above LUMO, respectively. In the case of S5,
in the parallel polarization, and S7 and S10, in the per-
pendicular polarization, more than one joint levels was
found to contribute to the first allowed optical transi-
tion. In the periodic CNTs, it is already discussed that
the first allowed transition, in the parallel polarization,
occurs between the valence and conduction bands which
have identical orbital character.41 Our results show that
lack of translational symmetry changes the selection rules
and hence prevents the HOMO-LUMO transition in the
finite CNTs.
In the systems with spin polarized electronic structure,
one may expect some magnetic responses to the photon
(electromagnetic) irradiation, while non-magnetic sys-
tems exhibit only electric response to an external electro-
magnetic field.42 Therefore, we calculated the spin dipole
response of S3, S4, and S5 FCNTs to an external mag-
netic field, in the framework of TD-LSDA. The obtained
spectra, presented in Fig. 6, illustrate stronger magnetic
response of S3 and S4, likely due to their higher ferromag-
netic energy, compared with S5 (table III). It is interest-
ing to see that the higher responses of S3 and S4 happens
in the visible spectrum. Comparing magnetic responses
of the systems in the parallel and perpendicular polar-
izations shows that, in contrast to the electric responses,
the effects of magnetic LFEs are not evident. The rea-
son is that the magnetic moment of the systems, as it
was mentioned earlier, is rather distributed over the edge
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FIG. 6. Calculated dynamical spin dipole of S3, S4, and,
S5. δ m(ω) = δ n↑(ω)− δ n↓(ω) where δ n↑(↓)(ω) denotes the
dynamical spin response of the system in the majority (mi-
nority) channel.33 The energy range of the visible spectra is
highlighted on the energy axes.
carbon atoms (see table III). As a result, the magnetic
response mainly comes from the edge atoms and hence
is less sensitive to the polarization. The interplay be-
tween optical excitations and dynamical magnetizations
of FCNTs is promising to develop new nano devices for
magneto-optical opportunities.
VI. CONCLUSIONS
In summary, full-potential density functional compu-
tations was employed to investigate structural and elec-
tronic properties of (5,0) finite carbon nanotubes (FC-
NTs), passivated with hydrogen atoms. The behavior
of bond lengths and angles as a function of the tube
length indicated that the ground state properties con-
verge to the periodic limit at a length of about 30 A˚. We
discussed that the zone-folded electronic structure of the
finite CNTs, in contrast to the periodic system, shows no
energy gap, while high curvature of (5,0) FCNTs opens
a gap in the system. It was argued that compensation of
the curvature effects at a length of about 6-8 A˚, preserves
the sp2 character of carbon-carbon bonds and closes the
energy gap of FCNT in the nonmagnetic state, and then
brings in a ferromagnetic state. Analysis of the second-
order differences of total energy showed that for the (5,0)
FCNTs shorter than 40 A˚, a length of about 15 A˚exhibits
the highest relative stability. The behavior of the en-
ergy gap and the lowest unoccupied molecular orbital
indicated that, in contrast to the ground state proper-
ties, the excited state properties of the systems exhibits
8long range edge effects. The real time propagation of
Kohn-Sham orbitals was applied to determine the elec-
tric dipole and spin dipole responses of FCNTs in the
presence of electromagnetic pulses. The calculated opti-
cal absorption spectra show that the optical gap of the
systems is considerably larger than the Kohn-Sham en-
ergy gap. The obtained character of optical transitions
in the framework of Casida equation confirms absence
of any optical transition between the highest unoccupied
and the lowest unoccupied molecular orbitals in (5,0) fi-
nite CNTs. The spin dipole response of the systems,
which is found to be more pronounced in the visible or
near visible region, is of order of Bohr magneton.
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